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Introduction
The Northern Volcanic Zone north of the Vatnajökull ice cap in Iceland, consists of five NNE-SSW elongated volcanic systems, Theistareykir, Krafla, Fremri-Namur, Askja, and Kverkfjöll, (Figure 1-inset) . They are arranged en echelon along the plate boundary which is ~50-80 km wide. Each volcanic system consists of a fissure swarm transecting a central volcano.
Figure 1
The Krafla Volcanic system comprises a fissure swarm, which is 100 km long and ~10 km wide, more than 1000 tectonic fractures, and a central volcano (Figure 1 ). The Krafla central volcano forms a low, broad shield some 20 km in diameter with a caldera in the centre. The topographically indistinct caldera has an elliptical shape and stretches 10 km in the east-west direction and 8 km north-south. It formed during an explosive eruption in the last interglacial period about 0.1 Ma ago and has since been filled almost completely with lavas and ash (Brandsdóttir et al., 1997) .
Two geothermal areas, Krafla and Námafjall ( Figure 1 ) are located in the Krafla Volcanic System. Námafjall is located just south of the Krafla caldera on the eastern part of the Krafla fissure swarm. Its 3-4 km 2 surface expression is characterized by mud pools and fumaroles and three active wells, with a maximum temperature of 320˚C, which supply a 3 MW back-pressure turbine unit.
The larger Krafla geothermal area, ~ 7 km 2 , is located in the centre of the caldera and is elongated in the NW-SE direction. At present, 18 wells are used to operate a 60 MW power generator and geothermal fluid temperatures reach 350 ˚C (Gudmundsson and Arnórsson, 2002) .
The activity at the Krafla volcanic system is characterised by rifting episodes separated by long periods of dormancy (Árnadóttir et al., 1998) . Two historical rifting episodes, the so called Mývatn and Krafla fires, occurred from 1724 to 1729 and 1975 to 1984, respectively . During the Mývatn fires, the crater Víti was formed ( Figure 2 ) although most of the other activity manifested itself south of the Krafla caldera (Ewart et al., 1991) . Activity resumed in 1975, when seismicity increased and deformation data suggested inflow of magma to the shallow Krafla reservoir, causing inflation, followed by rapid deflation and an initial diking event (Tryggvason, 1994) . A rifting episode from 1975 to 1984 was then characterised by 21 such cycles of which 9 culminated in basaltic fissure eruptions (Björnsson, 1985; Brandsdóttir et al., 1997) . During each cycle, the reservoir pressure exceeded a critical value, reservoir walls failed, dykes were injected into the fissure swarm and rifting occurred. The largest and most voluminous eruption of this period occurred over two weeks in September 1984 during which a 8.5 km long volcanic fissure erupted a pahoehoe lava field with a total area of 24 km 2 (Rossi, 1997) .
Figure 2
Krafla is one of the few calderas in the world (others include Askja in Iceland (Rymer and Tryggvason, 1993) , Masaya in Nicaragua , Poas in Costa Rica (Rymer et al., 2000) and Campi Flegrei in Italy (Gottsmann et al., 2003) ) with a long-term micro-gravity data set. The area has also been studied extensively using a variety of geophysical techniques (Árnadóttir et al., 1998; Sigmundsson et al., 1997; Tryggvason, 1986) . Here we present
Interferometric Synthetic Aperture Radar data (InSAR; 1993 -1999 and micro-gravity data (1997) (1998) (1999) (2000) (2001) (2002) (2003) . Results of these techniques are combined to produce an integrated model for the processes operating at Krafla today, 20 years after the most recent eruption.
Methods

Geodetic methods
Previously published and new precise levelling, Global Positioning System (GPS) and InSAR data were combined to calculate the height change at each gravity station. InSAR allows the measurement of change in range from ground to satellite at a high spatial resolution by combining pairs of Satellite Aperture Radar (SAR) images acquired at different acquisition times (Massonnet and Feigl, 1995; Massonnet and Feigl, 1998) . Interferograms were produced with the use of the DIAPASON software (CNES, 2000) following an approach similar to that used by Sigmundsson et al. (1997) . Topographic fringes were removed with the help of a Digital Elevation Model (DEM) from the Icelandic Geodetic Survey and orbital corrections were performed utilising post-computed orbits from the European Space Agency (ESA). Residual orbital effects were removed by subtracting a linear range-change gradient. The remainder of the processing was done using subsections of the complete interferograms covering the Krafla area. These sections were filtered using an algorithm developed by Z. Lu (personal communication 2002) and unwrapped using deformation tools developed by Gudmundsson et al. (2001) . After unwrapping, the interferograms provide an unambiguous measure of the change in range whereas the original interferograms show deformation as fringes, each corresponding to a vertical displacement of 28 mm. The precise levelling technique measures the vertical deformation, with respect to reference station FM115, with millimetre precision ( Figure 1 ). Differential GPS measurements are referred to station NE9301 and have an accuracy in the vertical component of ~1-2 cm.
Micro-gravity methods
All the micro-gravity measurements discussed in this paper were acquired with the use of LaCoste & Romberg instruments following standard techniques as described by Rymer (1996) .
Meter G-513 has been used for all surveys since 1990 and its calibration characteristics are well known (Carbone and Rymer, 1999) ; meter G-403 has been used in addition since 1997. The microgravity network traditionally uses station Hotel ( Figure 1 ) as reference, because it is located outside the main zone of deformation (Rymer et al., 1998) . Station FM115 has also been measured on a regular basis. Although its location, near the central axis of the plate boundary, is not ideal, it has been used here, as an alternative reference station to better coordinate with the deformation network. The uncertainty expected for this type of micro-gravity survey considering the climate, time delay between readings, and jolting of the instruments during transport is 10-20 µGal (Rymer, 1989) . Repeat measurements have been made during this study and the uncertainties for the newly acquired data are displayed in Table 2 . Before we can interpret the micro-gravity data in terms of mass movements they need to be corrected for height with the use of geodetic data. The Free Air Gradient (FAG) is the change of gravity with elevation and is used to calculate the expected gravity change at each station due to the height changes alone. The FAG varies depending on the local subsurface mass distribution. The local value of the FAG can be determined in the field following the methodology of (Rymer, 1996) and is used here to calculate net gravity changes.
Data and results
Deformation data
The Krafla system is subject to deformation because of the stresses associated with the divergent plate boundary, the effects of magma movements and geothermal processes. The recent extensive geothermal exploitation and production at the Krafla power station also influences the system. Any deformation data collected will necessarily reflect the complex interaction between all these processes.
Previous results
No significant ground deformation changes were observed in data from the 1938 to 1965 period (Björnsson et al., 1979) . Between 1965 and 1971 apparent contraction took place followed by extension and uplift between 1970 and 1975 (Moller and Ritter, 1980 Rymer et al., 1998) . The
Krafla power plant was under construction at that time and geodetic surveys and exploration drillings had started in 1974. Levelling profiles crossing the caldera region were available from the very beginning of the 1975-1984 rifting episode. Ground deformation was monitored extensively during the episode (Ewart et al., 1991) , using a wide range of techniques such as Electronic Distance Measurements (EDM; Tryggvason, 1994) , precise levelling (Björnsson, 1985) , tilt and lake level measurements (Tryggvason, 1986; Tryggvason, 1994) . Deformation during the rifting episode was characterised by steady inflation interrupted by rapid subsidence (Tryggvason, 1994) .
After the last eruption in September 1984, slow inflation was observed from 1985 to 1989. This was followed by subsidence, initially at a rate of ~5 cm/yr, declining to ~2.5 cm/yr in 1992-1995 (Árnadóttir et al., 1998; Rymer et al., 1998; Sigmundsson et al., 1997; Tryggvason, 1994) .
Radar interferometry (InSAR) has also been used successfully in the Krafla region to monitor deformation (de Zeeuw-van Dalfsen et al., 2004a; Henriot et al., 2001; Sigmundsson et al., 1997) . Sigmundsson et al. (1997) observed 2.4 cm/yr of subsidence in the centre of the Krafla area and ~0.7 mm/yr along axis subsidence of the spreading segment whilst studying interferograms covering the 1992-1995 period. Henriot et al. (2001) analysed interferograms from the 1992-1998 period and found steady subsidence at Krafla and the fissure swarm of 1.9 cm/yr (2.1 cm/yr in the ground to satellite direction). Based on interferometric data from 1993 to 1999, de Zeeuw-van Dalfsen et al. (2004a) showed the existence of a wide inflating area in addition to the already suggested subsiding zones.
New data
Integration of the new GPS and InSAR data with previously published geodetic data is complicated by the fact that different groups acquired the data, using different reference stations and with several temporal gaps in the data set. To alleviate this problem, all data are first normalised to the same base station (FM115; Figure 1 & Figure 2 ) and yearly height changes are calculated for each gravity station (Table 1) , interpolating and extrapolating where necessary.
First order levelling surveys conducted in the Krafla area in 1989 , 1995 (Björnsson and Eysteinsson, 1998 Magnússon, 2003) form the basis of our deformation model. The data exceed the requirements for height correction of the gravity data as they have a standard deviation of less than 1.5 cm and the levelling stations are equivalent or close to the micro-gravity stations (Rymer, 1996) . We consider two distinct periods, 1990-1995 and 1996-2003 , in order to take into account change in productivity of the geothermal power plant from 30 MW to 60 MW between 1995 and 1996 (Hauksson and Benjamínsson, 2003 .
Twelve SAR images from the European Remote Sensing (ERS) satellites 1 and 2 (track 9, frame 2277), acquired during the 1993-2000 period, allowed the formation of twelve interferograms, with reasonable coherence. The four with the best coherence were selected for modelling and the average subsidence rate over the time period (spanning from 2 to 6 years) was acquired. Overall, the subsidence rate calculated from these data decays from ~1.5 cm/yr in late 1996 to ~1.1 cm/yr in late 1997.
Figure 3
Previous work indicates that the deformation rate at Krafla has been decaying rapidly since 1989 (Tryggvason, 1994) . In order to extrapolate the deformation data at Krafla, from 2000 to 2003,
it is important to know the trend of this decay. The vertical change over a time period obtained from different measurements by several authors is expressed as a rate (cm/yr) in Figure 3 . The points may be fitted by two straight lines or by an exponential curve. We prefer an exponential fit because the subsidence is expected to show exponential behaviour like the subsidence at other Icelandic
Volcanoes (Sturkell and Sigmundsson, 2000) . A good fit through the data, with a root mean square of 0.96, is found using estimates for average maximum subsidence from published data (Ágústsson, 2001; Björnsson and Eysteinsson, 1998; Henriot et al., 2001; Sigmundsson et al., 1997; Tryggvason, 1994) together with the newly acquired results from InSAR ( Figure 3 ). Since the micro-gravity stations do not coincide with the assumed location of maximum subsidence caused by the shallow magma chamber, the extrapolated height change data (for the period post 2000) also need to be interpolated (spatially). This is done by noting the distribution of measured elevation changes in the 1997-1998 period (middle of the 1995-2000 levelling period) compared to the predicted maximum deformation from the decay curve ( Figure 3 ). The same decay curve is also used to interpolate data for those stations lacking levelling data from 1990 to 1995. Finally, the curve is used to extract the 1990 to 1995 deformation from the 1989 to 1995 levelling data.
Estimated deformation in 1989 has been subtracted from the 1989-1995 measured value. The total deformation (Table 1) results from geodetic surveys in the Krafla region after 1998, show that the Krafla volcanic system is still deflating. The deflation at Krafla follows an exponential decay trend and, assuming there is no change in activity, is expected to reach the detection limit by 2007.
The total volume change at the surface, ∆V e , can be calculated from the deformation data most simply by assuming a Mogi model (Mogi, 1958) where the deformation is caused by a pressure change of a point source within an elastic half-space, (Johnson, 1987) :
Table 1
The maximum subsidence, ∆h, at the centre of the deformation relative to station FM115 is -0.085 m from 1990 to 1995 and -0.024 m from 1996 to 2003. The average depth to the source, d, is 2800 m as inferred from previous geodetic modelling (Árnadóttir et al., 1998; Rymer et al., 1998; Sigmundsson et al., 1997) . The horizontal distance from the centre of deformation to this source, r, is 1300 m in the 1990-1995 period and 2000 m in the 1996-2003 period. FM115 is located within the deformation zone and any estimates for ∆V e are therefore minimum values. InSAR data covering most of this period (de Zeeuw-van Dalfsen et al., 2004a) indicate that the subsidence does not extend beyond this region and therefore the volume calculated for ∆V e is considered to be realistic. ∆V e is calculated to be -0.006 km 3 for the 1990 to 1995 period and -0.002 km 3 for the 1996 to 2003 period.
Micro-gravity
The first micro-gravity measurements in the Krafla region were made in 1965 (Björnsson et al., 1979) and extensive work was done during the beginning of the 1975-1984 rifting episode (Johnsen et al., 1980) . Since then, micro-gravity measurements have been made yearly at Krafla from 1990 to 1997, with the exception of 1993 (Rymer et al., 1998) Rymer et al. (1998) investigated post-eruptive gravity changes from 1990 to 1996 inclusively. After corrections for elevation change, significant net gravity decreases, on the order of -50 µGal, were observed over the modelled Mogi-type deflation source. Net gravity increases up to 60 µGal were observed 1-3 km from the centre of deformation. In addition to this, here the effect of water extraction has been taken into account for the 1990-1996 period. Gottsmann and Rymer (2002) analysed ∆g/∆h gradients for all available data from 1977 to 1996. Their theory suggests that the relationship between the measured gradient, the Free Air Gradient (FAG) and the Bouguer Corrected Free Air Gradient (BCFAG) predicts which process is responsible for caldera unrest.
Previous results
New results
The micro-gravity network at Krafla (Figure 2 , Table 2) (Table 2) , for meters G-403 and G-513, respectively. Table 2  Table 3 During the 2002 survey the FAG was measured at several key stations as suggested by Gottsmann and Rymer (2002 µGal. The average of all gravity stations is also depicted in Figure 4 (broken line). For gravity changes to be considered significant, they need to exceed 15 µGal. There is some (non-linear) trend in the gravity change signal in Figure 4 but before any interpretation can be made, the effects of height changes need to be considered.
Calculation of net micro-gravity
The net micro-gravity changes were calculated using the measured values of the FAG where possible (Table 3) 
Figure 5
There is an important contrast between the 1990 the -1995 the and 1996 the -2003 the data. During the 1990 to 1995 period a net gravity decrease of -85 µGal was concentrated around the Leirhnúkur stations.
This coincides with the location of the latest activity during the Krafla fires and suggests it may have been caused by magmatic processes. During the 1996 to 2003 period almost all stations show a net micro-gravity decrease. An east-west elongated feature, with a maximum net gravity decrease of -100 µGal can be identified. This area correlates well with the location of the drill hole sites.
Processes responsible for the observations could be: i) influences of the geothermal power plant:
water mass extraction and the increased cooling rate of the shallow magma body (causing contraction) caused by the increased water circulation; ii) drainage of magma from a shallow magma body.
Influence of the geothermal power plant
Water extraction (dotted line in Figure 4 ) has been increasing steadily since 1992 (Hauksson and Benjamínsson, 2003) . The average yearly water extraction of ~6000 KTon for the [1990] [1991] [1992] [1993] [1994] [1995] [1996] period, increased to ~11000 KTon for the 1998-2003 period ( Figure 6 ). There is a clear inverse correlation between the average gravity and the water extraction (Figure 4 ).
The fact that there are net micro-gravity changes suggest sub-surface mass changes are occurring. Sub-surface mass decrease could be caused by movement of the steam-water interface, drainage of magma from a reservoir or extraction of geothermal water at the Krafla power plant.
Movement of the steam-water interface can not be excluded but its influence will be too small to explain the observed mass changes (Gottsmann and Rymer, 2002) . We suggest the two alternative explanations are more likely causes. In order to better understand the non magmatic influence on the gravity signal we consider in more detail the extraction of water at the geothermal power plant ( Figure 6 ).
Figure 6
From 1990 to 2002, a total of 7.94 x10 3 kTon (7.94 x 10 10 kg) water was extracted at the various drill holes (Hauksson and Benjamínsson, 2003) . The drill holes are co-located with the micro-gravity network ( Figure 5 ) and are concentrated at five sites: i) south of the caldera in The Krafla geothermal system consists of two separate geothermal zones at different depths (Stefánsson, 1981) . The shallower of the two is avoided during exploitation of the field because of its lower temperature and association with calcite deposition. The top of the ~1000 m thick deeper zone is located around the 1100-1300 m.
The gravitational effect of the water extraction in the Krafla area can be simulated by a cylinder with changing density, in the same way as used by Hunt (1970) for the Wairakei geothermal field in New Zealand. The density change, σ, can be calculated as follows:
The mass change in kg, ∆m, from 1990 to 1995 in the centre of the caldera (excluding Bjarnarflag), is -2.28 x 10 10 kg and -6.57 x 10 10 kg from 1996 to 2003. The radius of the cylinder or the effected area, r, varies from 1000 to 10,000 m. The height of the cylinder or the thickness of the aquifer, h, is 1000 m.
The gravitational effect, ∆g, on the surface above the centre of this cylinder can then be calculated as follows (Parasnis, 1979) :
where G, is the gravitational constant, of 6.67 x 10 -11 Nkg 2 /m 2 . The depth of the cylinder, z, from the surface to the top of the aquifer, varies from 1100 to 1300 m. h 2 is the depth to the bottom of the cylinder, in m. Equation 3 is empirical and variations in g will be caused by variations in z, h 2 and r.
Figure 7
The results of the calculations are shown in Figure 7 . The average estimate of the gravitational effect of the water extraction from 1990 to 1995 is approximately -12 µGal assuming the extraction affects an area with a radius of 4 km. This is the approximate radius of the caldera and the aquifer is known to exist as a broad layer within this region (Stefánson, 1981) . This effect is smaller than the average standard deviation on the data set and may therefore not be detectable. For the period 1996 to 2003, the estimated gravitational effect is approximately -35 µGal assuming the same area is affected. This effect is larger than the average standard deviation and should therefore be measurable and visible in the data set. Since we ignore the flow of water into the area from the surroundings to accommodate the water extraction, the estimated gravitational effects are maximum values. Table 4 Over the years several deformation models have been developed using data acquired with a range of geodetic techniques (Table 4, Figure 2 ). All of these models include a Mogi point source sometimes referred to as the Krafla magma reservoir. Its location varies only slightly between models, although depth is less well constrained. Analysis of local earthquakes (Einarsson, 1978) defined two regions of shear wave attenuation, which were inferred as a shallow magma reservoir, although this study did not define the magma reservoir in any detail. Brandsdóttir and Menke (1992) showed the presence of a low velocity zone that is interpreted as the shallow magma reservoir, less than 1 km thick with its top at a depth of approximately 3 km. However, it is not possible to explain all the observed deformation with this one point source, especially at increased distance from the source. Therefore, several types of additional sources have been suggested to complement the model (Table 4 ). All micro-gravity stations lie within the zone mostly influenced by the point source and by the extraction of the geothermal resources, and therefore for the context of this work, only the Mogi source and geothermal field will be considered. Rymer et al. (1998) interpreted the observed (1990) (1991) (1992) (1993) (1994) (1995) (1996) net gravity decrease at Krafla as magma drainage of at least 4 x 10 10 kg and the net gravity increases as the result of a migrating steam-water interface and/or closure of micro-fractures during post-eruptive cooling and contraction. Gottsmann and Rymer (2002) emphasised, however, that the net gravity increases were not only associated with a density increase but also accompanied by a mass increase of ~10 10 kg.
Interpretation
Geodetic data
Gravity data
They suggested that magma moved laterally out of the reservoir into dykes.
The inverse correlation between micro-gravity and water extraction data (Figure 4) suggests water extraction has an important influence on the mass balance of the system and therefore on the gravity data. Furthermore, the fact that gravity is decreasing in areas of general deflation indicates that sub-surface mass decreases may be occurring. The influence of the water extraction by the geothermal power plant is also obvious in 1996-2003 ( Figure 5 ). There may be a volcanic signal hidden within these data, but before this can be observed data should be corrected for the water extraction.
The calculated net gravity decrease from 1990 to 1995 is -85 µGal + 12 µGal (to correct for the influence of water extraction) which leads to a still significant, net gravity decrease of -73 ± 17 µGal (RMS of gravity readings is ± 16 µGal, RMS of deformation data is ± 6 µGal, 17 6 16 2 2 = + ). Since the effects of water drainage have been taken into account, this mass decrease is most likely caused by magma drainage over the 6 year period. From 1996 to 2003 the calculated net gravity decrease is -100 µGal + 35 µGal (to correct for the influence of water extraction) which culminates in a significant net gravity decrease of -65 ± 17 µGal over the 8 year period.
The mass change (∆M) within a spherical (point source) body, whose depth is much greater than its radius, causes a gravitational effect on the surface (∆g) that relate by (Dzurisin et al., 1980; Johnson, 1987; Rymer and Tryggvason, 1993) :
where G is the Universal gravitational constant: 6.67 x 10 -11 Nm 2 /kg 2 . The depth to the point source,
d, is 2800 m as estimated by geodetic modelling (Árnadóttir et al., 1998; Rymer et al., 1998; Sigmundsson et al., 1997; Tryggvason, 1986) . The horizontal distance to this source, r, is 1300 m from 1990-1995 and 2000 m from 1996-2003 (i.e., the horizontal distance from the point source to the area with maximum net gravity change).
In the following text we refer to edifice volume changes (∆V e ) and relate them to subsurface magma volume changes (∆V m ) and magma chamber volume changes (∆V ch ). Following
Equation 4, a mass decrease of 1.1 x 10 11 kg occurred from 1990-1995, followed by a decrease of 1.4 x 10 11 kg from 1996 to 2003. This is equivalent to magma drainage of ~2 x 10 10 kg/yr visualised as a continuous ongoing process. After correction for the water extraction, the two periods show very similar drainage rates and because drainage is visualized as a continuous process it makes more sense to interpret the data in terms of volume changes for the whole period at once. Assuming a density of 2700 kg/m 3 for the sub-surface magma body, the total mass decrease represents a minimum change in magma outflow volume (∆V m ) of -0.09 km 3 from 1990 to 2003.
Earlier (see section 3.1.2), we calculated the total volume change at the surface (∆V e ) from 1990 to 2003 to be -0.008 km 3 . This volume change comprises a combination of volume change caused by water extraction, cooling/contraction of the magma reservoir and/or magma drainage from the magma reservoir. Because ∆V e is dependent on the maximum subsidence at the centre of the caldera (h in Equation 1 ), the curve following the decay of deformation is also representative for ∆V e . This suggests that ∆V e was not significantly influenced by water extraction as data would not follow a smooth line if influenced by a significant change in water extraction between 1995 and 1996. Therefore we argue that there is no need to correct ∆V e for water extraction. Following Comparing this value with the calculated total change in Mogi source volume (∆V m ) we find that the magma drainage volume is actually seventeen times larger than the Mogi source volume. It has been suggested that volumetric decompression of stored magma may be caused by the variation in reservoir pressure accompanying magma drainage (Johnson, 1992; Johnson et al., 2000) . The net volume change of the stored magma, ∆V c , changes because of this decompression. A combination of reduction of the reservoir size, ∆V ch , and decompression of the stored magma, ∆V c would accommodate the magma drainage. Although not our preferred explanation, part of the volume discrepancy could also be explained by boiling in the geothermal system and density decrease in excess of that suggested only from extracted water.
Discussion and conclusions
The results from this work show significant mass decreases at the Krafla caldera which we interpret in terms of magma drainage. The Krafla caldera is located on the northern volcanic zone in
Iceland and as such is part of a larger volcanic system. It is therefore important to extend our interpretation and discussion beyond the Krafla area. In the past three years, more and more data covering the northern volcanic zone have been analysed. To advance our knowledge of volcanic processes it is important to use all available information.
The Askja volcanic centre in the Dyngjufjöll central volcano (Sigvaldason, 2002) The work presented here, suggests a mass decrease of 2.5 x 10 11 kg, implying a drainage rate of 0.23 m 3 s -1 at Krafla from 1990 to 2003, which is of the same order of magnitude as that at Askja.
We suggest that pressure reduction along the plate boundary due to the plate spreading process can accommodate this ongoing magma drainage from the shallow magma chamber. Links between the two volcanoes have been suggested by several authors (Rymer and Tryggvason, 1993; Sturkell et al., 2004 -submitted; Tryggvason, 1986) . Recently, re-evaluation of new and previously published geodetic data at both volcanoes suggests a best fit for models with two stacked magma reservoirs. For Askja, Sturkell et al. (2004) suggested two magma reservoirs at 3 and 16 km depth while at Krafla, de Zeeuw-van Dalfsen et al. This paper has demonstrated the power of using a range of techniques simultaneously to study volcanoes. We have shown it can improve the understanding of the ongoing processes at the studied volcano as well as to offer constraint on the dynamics of, and linkages through, the volcanic system at a broader scale. We anticipate that using a range of techniques concurrently will considerably increase our knowledge of volcanic systems in the future.
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